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NOTE: This guide specification covers the
requi renents for conm ssioning of HVAC systens.

Comments and suggestions on this guide specification
are wel cone and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
desi gnation and tel ephone nunber, is on the Internet.

Use of electronic comrunication is encouraged.
EE IR I Sk S I R S Rk kR Rk Rk S I

PART 1 GENERAL

Rk Ik kS Ak R Ok R O I R S R o R SRk S O O O O I R R R I I R

NOTE: Use of this specification is mandatory for

all projects. A properly functioning HVAC system
assures a confortable, healthy and productive
environnent for the user. The "Design Agent's
Representative" will be a nenber of the HVAC design
team i.e. fromthe AE or Engineering Division. The
"Design Agent's Representative" will actively
participate in the process, including review of al

subnmittals contained herein.
EIE R I I I I I I I I I I I I I I I I I I I I I I I I I I R I I I I I I I I I I I R I I IR I I I I I b I I I I I I I I b I I

1.1 SUBM TTALS

Rk Ik kS Ak R Ok R O I R S R o R SRk S O O O O I R R R I I R

NOTE: Submittals nmust be limted to those necessary
for adequate quality control. The inportance of an
itemin the project should be one of the primary
factors in deternmining if a submttal for the item
shoul d be required.
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Indicate subnittal classification in the blank space
following the nane of the itemrequiring the
submittal by using "G' when the submittal requires

Gover nment approval. Submittals not classified as
"G'" will show on the subnittal register as
"Information Only". For subnittals requiring

Gover nment approval, a code of up to three
characters should be used following the "G'
designation to indicate the approving authority;
codes of "RE" for Resident Engi neer approval, "ED"
for Engi neering approval, and "AE" for

Archi tect - Engi neer approval are recomended.
EE IR S Sk S kI S I Rk S S kI Rk S S R Sk

Governnment approval is required for submittals with a "G' designati on;
submttals not having a "G' designation are for information only. \When
used, a designation followi ng the "G' designhation identifies the office
that will review the submittal for the Governnment. The follow ng shall be
submitted in accordance with Section 01330 SUBM TTAL PROCEDURES

SD- 03 Product Data

Conmi ssi oni ng Team [ 1, [ ]

Li st of team nenbers who will represent the Contractor in the
pre-comm ssi oni ng checks and functional performance testing, at
| east 2 weeks prior to the start of pre-conm ssioning checks.
Proposed revision to the list, prior to the start of the inpacted
wor k.

Test Procedures; | 1, [ ]

Det ai | ed procedures for pre-comr ssioning checks and functiona
performance tests, at |east 4 weeks prior to the start of
pre-comm ssi oni ng checks.

Test Schedule; G [__ ]

Schedul e for pre-comm ssioning checks and functional performance
tests, at least 2 weeks prior to the start of pre-comr ssioning
checks.

SD- 06 Test Reports
Test Reports; G [__ ]

Conpl et ed pre-conmi ssioning checklists and functiona
performance test checklists organi zed by system and by subsystem
and subnitted as one package. The results of failed tests shal
be included along with a description of the corrective action

t aken.

2 SEQUENCI NG AND SCHEDULI NG

SECTI ON 15995A Page 3



UFGS3

Rk Ik R Rk S O R R S O R R IRk R o b O S R R R Sk O b R R

NOTE: Provide seisnmic requirenents, if a Governnent
desi gner (either Corps office of AJE) is the

Engi neer of Record, and show on the draw ngs.

Del ete the bracketed phrase if seismic details are
not included. Sections 13080 and 15070, properly
edited, must be included in the contract docunents.

Rk kS R Rk O O S O R S S SRR R S o S R R Sk kS O SR Sk O

The work described in this Section shall begin only after all work required
in related Sections, including Section 15950A HEATI NG, VENTI LATI NG AND Al R
CONDI TI ONI NG (HVAC) CONTROL SYSTEMS and Section 15990A TESTI NG, ADJUSTI NG,
AND BALANCI NG OF HVAC SYSTEMS, has been successfully conpleted, and al

test and inspection reports and operation and nai nt enance nanual s required
in these Sections have been subnitted and approved. Seism c details shall be
in accordance with Sections 13080 SEI SM C PROTECTI ON FOR M SCELLANEQUS

EQUI PMENT and 15070A SEI SM C PROTECTI ON FOR MECHANI CAL EQUI PMENT [ as

i ndi cat ed]

PART 2 PRODUCTS (Not Applicabl e)
PART 3 EXECUTI ON

3.1 COWM SSI ONI NG TEAM AND CHECKLI STS

Rk Ik kS Ak R Ok R O I R S R o R SRk S O O O O I R R R I I R

NOTE: The "Design Agent's Representative" will be
i ncluded as a nmenber of the conmm ssioning team for
t he pre-conm ssioning checklists and will
participate in the functional perfornmance tests.

The checklists provided are to be used as guides for
the preparation of project checklists. The
appropriate checklist should be included in the

proj ect specification for each HVAC equi prment
conmponent. The designer will add additional
checklists for equi pnment or systenms not included in
this guide specification or nodify the checklists
where necessary for specific project requirenents.
If, for exanple, a systemneeds to be tested with
certain internal |oad, each appropriate checkli st
shoul d be modified to include this requirement along
with specifics on how | oad shoul d be generated.

Rk Ik kS Ak R Ok R O I R S R o R SRk S O O O O I R R R I I R

The Contractor shall designate team nenbers to participate in the
pre-commi ssi oni ng checks and the functional performance testing specified
herein. In addition, the Governnent will be represented by a
representative of the Contracting O ficer, the Design Agent's
Representative, and the Using Agency. The team nenbers shall be as foll ows:

Desi gnati on Function

Q Contractor's Chief Quality Control Representative

SECTI ON 15995A Page 4



UFGS3

M Contractor's Mechani cal Representative
E Contractor's Electrical Representative
T Contractor's Testing, Adjusting, and Bal ancing

Representati ve

Contractor's Controls Representative
Desi gn Agent's Representative
Contracting Officer's Representative
Usi ng Agency's Representative

cCoo0O

Each checklist shown in appendices A and B shall be conpleted by the

conmi ssioning team Acceptance by each comm ssioning team nenber of each
pre-commi ssioning checklist itemshall be indicated by initials and date
unless an "X" is shown indicating that participation by that individual is
not required. Acceptance by each conm ssioning team nenber of each
functional performnce test checklist shall be indicated by signhature and
dat e.

.2 TESTS

The pre-conmi ssioning checks and functional performance tests shall be
performed in a manner which essentially duplicates the checking, testing,
and i nspection nethods established in the related Sections. Were

checki ng, testing, and inspection nethods are not specified in other
Sections, nmethods shall be established which will provide the information
required. Testing and verification required by this section shall be
performed during the Comm ssioning phase. Requirenments in related Sections
are i ndependent fromthe requirenents of this Section and shall not be used
to satisfy any of the requirenents specified in this Section. The
Contractor shall provide all materials, services, and |abor required to
perform the pre-conmmi ssioning checks and functional performance tests. A
pre-comi ssioni ng check or functional performance test shall be aborted if
any system deficiency prevents the successful conpletion of the test or if
any participating non-Governnent comr ssioning team nmenber of which
participation is specified is not present for the test. The Contractor
shal | reinburse the Governnment for all costs associated with effort | ost
due to tests that are aborted. These costs shall include salary, trave
costs and per diem (where applicable) for Governnment conm ssioning team
menbers.

2.1 Pr e- Comm ssi oni ng Checks

Pre- comm ssi oni ng checks shall be perforned for the itens indicated on the
checklists in Appendix A. Deficiencies discovered during these checks
shall be corrected and retested in accordance with the applicable contract
requi renments.

. 2.2 Functi onal Performance Tests

Functional perfornmance tests shall be perforned for the itens indicated on
the checklists in Appendi x B. Functional performance tests shall begin
only after all pre-comm ssioning checks have been successfully conpleted
Tests shall prove all npdes of the sequences of operation, and shall verify
all other relevant contract requirenents. Tests shall begin with equi pnment
or conponents and shall progress through subsystens to conplete systens.
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Upon failure of any functional performance test checklist item the
Contractor shall correct all deficiencies in accordance with the applicable
contract requirenments. The checklist shall then be repeated until it has
been conpleted with no errors.
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APPENDI X A

PRE- COMM SSI ONI NG CHECKLI STS

Pre- comm ssi oni ng checklist - Piping

For [____ ] Piping System

Checklist Item Q M
Installation

a. Piping conplete.

b. As-built shop draw ngs subnmitted.

c. Piping flushed and cl eaned.

d. Strainers cleaned.

e. Valves installed as required.

f. Piping insulated as required.

g. Thernonmeters and gauges installed as
required.

h. Verify operation of valves.

i. Ar vents installed as specified.

j. Flexible connectors installed as specified

k. Verify that piping has been | abel ed and
val ves identified as specified.

Testing, Adjusting, and Bal anci ng ( TAB)
a. Hydrostatic test conplete.

b. TAB operation conplete.

SECTI ON 15995A Page 7

UFGS3



Pre- comm ssi oni ng Checklist - Ductwork

For Air Handler: [__ ]

Checklist Item

Install ation

a.

b

C.

Duct wor k conpl et e.
As-built shop draw ngs submtted.

Ductwork | eak test conplete.

second for Air Force projects.

[d.

[d.

Fire danpers, snoke danpers, and
access doors installed as required.

Fire danpers, snoke danpers, and

access doors installed as required with
installation of each verified by the
speci fied team nenbers initialing each
| ocation on a copy of the as-built

dr awi ngs.

Ductwork insul ated as required.

Thernonet ers and gauges installed as
required.

Verify open/cl osed status of danpers.

Verify snoke danpers operation.

Fl exi bl e connectors installed as specified

Testing, Adjusting, and Bal anci ng ( TAB)

a.

TAB operation conplete.
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Pre- comm ssi oni ng Checklist - Miltizone Air Handling Unit

For Air Handling Unit: [__ ]

Checklist Item Q M E T C D o u
Installation

a. Vibration isolation devices installed [and
freed to float with adequate nmovenent

and seismic restraint] as specified. X X
b. Inspection and access doors are operable

and sealed. X ___ X ___ ___ ___
c. Casing undanraged. X X X ___ ___ ___
d. Insulation undareged. X X X ___

e. Condensate drainage is unobstructed.
(Visually verify pan drains conpletely by
pouring a cup of water into drain pan.) X X x _

f. Fan belt adjusted. X X

g. Manufacturer's required naintenance

cl earance provided. X X X ___
El ectrica
a. Power available to unit disconnect. ___ X
b. Power available to unit control panel. __ X
c. Proper notor rotation verified. - X

d. Verify that power disconnect is |ocated

within sight of the unit it controls. ) S
[e. Power available to electric heating coil.__ X 1]
Coils
[a. Chilled water piping properly connected. X X x _ - ]
[a. Refrigerant piping properly connected. X X x _ - ]
[b. Chilled water piping pressure tested. X X x _ - ]
[b. Refrigerant piping pressure tested. X X x _ - ]
[c. Hot water piping properly connected. X X x _ - ]
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Pre- comm ssi oni ng Checklist - Miltizone Air Handling Unit

For Air Handling Unit: [__ ]
Checklist Item Q M E T C D o u
[c. Steam and condensate piping properly

connected. X x X ___ - ]
[d. Hot water piping pressure tested. X X x _ ]
[d. Steam and condensate piping pressure

tested. X x X ___ - ]
e. Air vents installed on water coils [with

shut of f val ves] as specified. X X x _
f. Any danage to coil fins has been repaired__ X ___x _
Control s

a. Control valves/actuators properly

installed. X ___
b. Control valves/actuators operable. ___ _ X ___
c. O A danpers/actuators properly installed.__ X ___
d. O A danpers/actuators operable. X
e. Zone danpers/actuators properly installed. __ X ___
f. Zone danpers/actuators operable. X

Testing, Adjusting, and Bal anci ng ( TAB)
a. Construction filters renmoved and repl aced. X X
b. TAB report submtted. X X

c. TAB results within +10% -0% of L/s
cf m shown on draw ngs

d. TAB results for outside air intake within

+10% - 0% of L/s CFM
shown on draw ngs. X X
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Pre- comm ssi oni ng Checklist - Variable Volume Air Handling Unit
For Air Handling Unit: [__ ]
Checklist Item Q M E T C D o u

Install ation

a. Vibration isolation devices installed. ___ ___ X X X ___ ___ ___
b. Inspection and access doors are operable

and sealed. X ___ X ___ ___ ___
c. Casing undanraged. X X X ___
d. Insulation undareged. X X X ___

e. Condensate drainage is unobstructed.
(Visually verify drai nage by pouring a
cup of water into drain pan.) X X x _

f. Fan belt adjusted. X X

g. Manufacturer's required naintenance

cl earance provided. X X X ___
El ectrica
a. Power available to unit disconnect. X X _
b. Power available to unit control panel. __ X
c. Proper notor rotation verified. - X

d. Verify that power disconnect is |ocated

within sight of the unit it controls. ) S
[e. Power available to electric heating coil.__ X X = ]
Coils
[a. Chilled water piping properly connected. X X x _ ]
[a. Refrigerant piping properly connected. X X x _ - ]
[b. Chilled water piping pressure tested. X X x _ - ]
[b. Refrigerant piping pressure tested. X X x _ - ]
[c. Hot water piping properly connected. X X x _ - ]

[c. Steam and condensate piping properly
connect ed. X X X ]
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Pre- comm ssi oni ng Checklist - Variable Volume Air Handling Unit

For Air Handling Unit: [__ ]
Checklist Item Q M E T C D o u
[d. Hot water piping pressure tested. X X x _ ]
[d. Steam and condensate piping pressure

tested. X X X ___ . ___ ]
[e. Air vents installed on water coils [with

shut of f val ves] as specified. X X x _ ]
f. Any damage to coil fins has been repaired. X ___x _
Control s

a. Control valves/actuators properly

installed. X ___
b. Control valves/actuators operable. ___ _ X ___
c. Danpers/actuators properly installed. X ___
d. Danpers/actuators operable. X ___

e. Verify proper location, installation and
calibration of duct static pressure

sensor. X ___
f. Fan air volune controller operable. X
g. Air handler controls systemoperational. ___ __ X

Testing, Adjusting, and Bal anci ng ( TAB)
a. Construction filters renmoved and repl aced. X
b. TAB report submtted. X X

c. TAB results within +10% -0% of L/s
cf m shown on draw ngs

d. TAB results for outside air intake within
+10% - 0% of both the m ni num and maxi num
L/s cfns
shown on draw ngs. X X
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Pre- comm ssi oni ng Checklist - VAV Term nal
For VAV Term nal: [
Checklist Item
Installation

a. VAV ternminal in place.
b. VAV termnal ducted.

c. VAV term nal connected to controls.

[d. Reheat coil connected to hot water pipe.

[e. Electric reheat coil connected to |loca
di sconnect .

f. Mnufacturer's required maintenance
cl earance provi ded.

Control s

a. Cooling only VAV ternminal controls set.
b. Cooling only VAV controls verified.

c. Reheat VAV ternminal controls set.

d. Reheat terminal/coil controls verified.
Testing, Adjusting, and Bal anci ng ( TAB)

a. Verify terminal maxinumair flow set.
b. Verify terminal mnmininmumair flow set.

c. TAB operation conplete.
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Pre- comm ssi oni ng Checklist - DX Air Cool ed Condensing Unit

For Condensing Unit: |

Checklist Item

Installation

b. Refrigerant pipe | eak tested.

c. Refrigerant pipe evacuated and charged
in accordance w th manufacturer's

i nstructions.

d. Check condenser fans for proper rotation.

e. Any damage to coil fins has been repaired.

f. Mnufacturer's required mai ntenance/
operational clearance provided.

El ectrica
a. Power available to unit disconnect.

b. Power available to unit control panel

c. Verify that power disconnect is |ocated
within sight of the unit it controls

Control s
a. Unit safety/protection devices tested.

b. Control systemand interlocks installed.

c. Control system and interlocks operational

SECTI ON 15995A Page 14
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Pre- comm ssi oni ng Checklist - Punps
For Pump: [__ ]
Checklist Item Q M E T C D o u

Install ation

a. Punps grouted in place. X X X ___
b. Pump vibration isolation devices

functional. X X X ___ ___ ___
c. Punp/notor coupling alignment verified. X X
d. Piping systeminstalled. X X X ___ ___ ___
e. Piping systempressure tested. X X x -
f. Punp not |eaking. X X X ___ ___ ___
g. Field assenbled couplings aligned to

nmeet manufacturer's prescribed tolerances. X X
El ectrica
a. Power available to punmp di sconnect. X
b. Punp rotation verified. X X ___
c. Control systeminterlocks functional. X ___

d. Verify that power disconnect is |ocated
within sight of the unit it controls. X

Testing, Adjusting, and Bal anci ng ( TAB)

a. Pressure/tenperature gauges installed. x ____ x __ -
b. Piping systemcl eaned. X X X ___
c. Chemical water treatment conplete. —  ___ X X X ___ ___ ___
d. Water bal ance conpl ete. X ___ X ___ ___ ___
e. Water balance with design maxi mumflow. x ____ x __ -
f. TAB Report submtted. X ___ X ___ ___ ___
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Pre- comm ssi oni ng Checklist - Packaged Air Cooled Chiller
For Chiller: [___ ]
Checklist Item Q M E T C D o u

Install ation

a. Chiller properly piped. X
b. Chilled water pipe |eak tested. X X
c. Verify that refrigerant used conplies

with specified requirenments. X X X ___ ___ ___
d. Any damage to coil fins has been repaired.__ _ X ___ X ___ . ___

e. Manufacturer's required naintenance

cl earance provided. X X X ___
El ectrica
a. Power available to unit disconnect. ___ X
b. Power available to unit control panel. __ X

c. Separate power is supplied to electric

heating tape. X
d. Verify that power disconnect is |ocated

within sight of the unit it controls. X ___
Control s
a. Factory startup and checkout conplete. X X ___
b. Chiller safety/protection devices tested.___ X X ___
c. Chilled water flow switch installed. — ___ _ X X ___ ___ ___ ___
d. Chilled water flow switch tested. ___ ___ X X ___ ___ ___ ___
e. Chilled water punp interlock installed. X X x -
f. Chilled water punp interlock tested. X
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Pre- comm ssi oni ng Checklist - Centrifugal Chiller
For Chiller: [___ ]
Checklist Item Q M E T C D o u

Install ation

a. Chilled water connections properly piped.
b. Condenser water connections properly
pi ped

c. Chilled water pipe |leak tested. X X x _
d. Condenser water pipe |leak tested. X X x _

e. High efficiency purge unit installed
and operating as specified. X X X

f. Refrigerant |eak detector installed.
g. Oxygen sensor installed and tested.

h. Mechanical roomventilation installed as
speci fi ed.

i. Manufacturer's required nmaintenance X X
cl earance provi ded.

j. Field assenbled couplings aligned to

nmeet manufacturer's prescribed tolerances. X X
El ectrica
a. Power available to unit starter. ___ __ _ ___ X ___
b. Power available to unit control panel. __ X

c. Verify that power disconnect is |ocated

within sight of the unit it controls. X ___
Control s
a. Factory startup and checkout conplete. X X ___
b. Chiller safety/protection devices tested. X
c. Chilled water flow switch installed. — ___ _ X X ___ ___ ___ ___
d. Chilled water flow switch tested. _ X X ___ ___ ___ ___
e. Chilled water punp interlock installed. X
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Pre- comm ssi oni ng Checklist - Centrifugal Chiller

For Chiller: [___ ]

Checklist Item Q M E T C D o u
f. Chilled water punp interlock tested. ) S
g. Condenser water flow switch installed.
h. Condenser water flow switch tested. ) S
i. Condenser water punp interlock installed. ) S
j. Condenser water punp interlock tested. ) S
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Pre- comm ssi oni ng Checklist - Cooling Tower
For Cooling Tower: [__ ]

Checklist Item

Installation

a. Cooling tower in place.

b. Cooling tower piped.

c. Cooling tower fan drive adjusted.

d. Cooling tower makeup water supply piped.

e. Verify makeup control valve shutoff.

f. Fan lubricated and bl ade pitch adjusted.

g. Manufacturer's required nmaintenance/
operational clearance provided.

El ectrica

a. Power available to tower disconnect.

b. Power available to electric sunp heater

c. Control systeminterlocks functional

d. Mtor and fan rotation checked.

e. Verify that power disconnect is |ocated
within sight of the unit is controls.
Pi pi ng

a. Tower basin is clean and filled.

b. Condenser water treatment functional

c. Water balance with design flow verified.

d. Water distribution headers bal anced.
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Pre- comm ssi oni ng Checklist - Hot Water Boiler
For Boiler: [
Checklist Item Q M
Installation

a. Boiler flue installed.

b. Boiler hot water piping installed.

c. Boiler hot water piping tested.

d. Boiler makeup water piping installed.

e. Boiler fuel oil piping installed.

f. Boiler fuel oil piping tested.

g. Boiler gas piping installed.

h. Boiler gas piping tested.

i. Manufacturer's required nmaintenance
cl earance provi ded.

Startup

a. Boiler systemcleaned and filled with
treated water.

b. Boiler safety/protection devices,
i ncl udi ng high tenperature burner shut-off,
| ow water cutoff, flane failure, pre and post
purge, have been tested.

c. Verify that PRV rating conforms to boiler
rating.

d. Boiler water treatnent system functional.

e. Boiler startup and checkout conpl ete.

f. Conbustion efficiency denonstrated.

El ectrica

a. Verify that power disconnect is |ocated
within sight of the unit served.

Control s
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Pre- comm ssi oni ng Checklist - Hot Water Boiler

For Boiler:
Checkl i st

a. Hot water
b. Hot water
c. Hot water
d. Hot water

Item Q M E

punp interlock install ed.

punp interl ock tested.

heati ng system bal anced. X

heati ng controls operational. X
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Pre- comm ssi oni ng Checklist - Steam Boil er
For Boiler: [
Checklist Item Q M E T C D o u

Install ation

a. Boiler flue installed. X X X ___ ___ ___
b. Boiler steampiping installed. X X
c. Boiler steam piping tested. X X X ___
d. Boiler makeup water piping installed. x ____ x __ -
e. Boiler makeup water piping tested. X X
f. Boiler fuel oil piping installed. X X
g. Boiler fuel oil piping tested. X X X ___
h. Boiler gas piping installed. X X X
i. Boiler gas piping tested. X X X
j . Manufacturer's required maintenance

cl earance provided. X X X ___
Startup
a. Boiler systemcleaned and filled with

treated water. X X X

b. Boiler safety/protection devices,
i ncl udi ng high tenperature burner shut-
of f, low water cutoff, flame failure,
pre and post purge, have been tested. X

c. Verify that PRV rating conforms to boiler

rating. X ___
d. Boiler feed water system operational. X ___
e. Boiler water treatnent system functional._ X X
f. Boiler startup and checkout conplete. X
g. Al steamtraps operational. X X X ___
h. All condensate return punps operational. __ X __
i. Combustion efficiency denonstrated. x ____ x __ -
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Pre- comm ssi oni ng Checklist - Steam Boil er

For Boiler: [__ ]
Checklist Item Q M E T C D o u
El ectri cal

a. Verify that power disconnect is |ocated
within sight of the unit served. X
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Pre- comm ssi oni ng Checklist - Steam Hot Water

For

Converter: |

Checklist Item

Install ation

a. Converter steam piping installed.

b. Converter steam piping tested.

c. Hot water piping installed.

d. Hot water piping tested.

e. Makeup water piping install ed.

f. Vacuum breaker installed on shell of
shel | and tube unit.

g. Air vent installed as specified.

h. Manufacturer's required nmaintenance
cl earance provi ded.

Startup

a. Hot water system cleaned and fill ed.

b. Al steamtraps operational

c. All condensate return punps operational

d. Converter safety/protection devices
tested.

e. Converter startup and checkout conplete.

Control s

a. Control valves/actuators properly
i nstall ed.

b. Control valves/actuators operable.

Converter

SECTI ON 15995A Page 24

UFGS3

S
X X ___ ___ ___
X X ___ ___ ___
X X ___ ___ ___
X X ___ ___ ___
X X ___ ___ ___
X X ___ ___ ___
X X ___ ___ ___
X X ___ ___ ___
X ___
X X ___ ___ ___
X X



UFGS3

Pre- comm ssi oni ng Checklist - Fan Coil Unit
For Fan Coil Unit: |
Checklist Item Q M E T C D o u
Installation

a. Vibration isolation devices installed. X X X

b. Access doors/renpvabl e panels are operable

and sealed. X ___ X ___ ___ ___
c. Casing undanraged. X X X ___ ___ ___
d. Insulation undareged. X X X ___
e. Condensate drainage is unobstructed. X X
f. Fan belt adjusted. X ___ X ___ ___ ___
g. Any damage to coil fins has been repaired.__ _ X ___ X ___ . ___

h. Manufacturer's required nmaintenance

cl earance provided. X X X ___
El ectrica
a. Power available to unit disconnect. ___ X
b. Power available to unit control panel. __ X
c. Proper notor rotation verified. - X

d. Verify that power disconnect is |ocated
within sight of the unit it controls. X

[e. Power available to electric heating coil.__ X X = ]

Coil s

[a. Dual tenperature piping properly

connected. X . __]
[a. Chilled water piping properly connected. X X ]
[b. Dual tenperature piping pressure tested. X ]
[b. Chilled water piping pressure tested. X X ]
[c. Hot water piping properly connected. X ]
[d. Hot water piping pressure tested. X ]
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Pre- comm ssi oni ng Checklist - Fan Coil Unit

For Fan Coil Unit: [__ ]
Checklist Item Q M E T C D o u
Controls

a. Control valves/actuators properly
i nstal | ed. X

b. Control valves/actuators operable. X X

c. Verify proper location and installation
of thernostat. X

Testing, Adjusting, and Bal anci ng ( TAB)
a. Construction filters renmoved and repl aced. X

b. TAB results +10% -0% of L/s
cf m shown on draw ngs

c. TAB Report subnmitted. X X
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Pre- comm ssi oni ng Checklist - Unit Heater

For Unit Heater: [__ ]

Checklist Item Q M E T C D o u
Installation

[a. Hot water piping properly connected. X

[a. Steam and condensate piping properly
connected. X x X ___ - ]

[b. Hot water piping pressure tested. X

[b. Steam and condensate piping pressure

tested. X x X ___ - ]
C. Air vent installed on hot water coi

with shutoff valve as specified. X X x _
d. Any damage to coil fins has been repaired. X ___x _

e. Manufacturer's required nmaintenance/

operational clearance provided. X X X ___
El ectrica
a. Power available to unit disconnect. ___ X
b. Proper notor rotation verified. X X ___ ___ ___

c. Verify that power disconnect is |ocated

within sight of the unit it controls. X ___
d. Power available to electric heating coil.___ X ___
Controls
a. Control valves properly installed. X ___
b. Control valves operable. X X ___ . ___

c. Verify proper location and installation of
t her nost at . X

Testing, Adjusting, and Bal anci ng ( TAB)

a. TAB Report subnmitted. X X
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Pre- comm ssi oni ng Checklist - Exhaust Fan
For Exhaust Fan: [__ ]

Checklist Item

Installation

a. Fan belt adjusted.

El ectri cal

a. Power available to fan disconnect.

b. Proper notor rotation verified.

c. Verify that power disconnect is |ocated
within sight of the unit it controls.

Control s

a. Control interlocks properly install ed.
b. Control interlocks operable.

c. Danpers/actuators properly install ed.
d. Danpers/actuators operable.

e. Verify proper location and installation of
t her nost at .

Testing, Adjusting, and Bal anci ng ( TAB)

a. TAB results +10%-0%to L/s
cf m shown on draw ngs X

b. TAB Report submitted.
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Pre- comm ssi oni ng Checklist - Conputer Room Unit
For Computer Room Unit: [__ ]
Checklist Item Q M E T C D o u

Install ation

a. Unit properly supported. X X X ___
b. Access doors are operable and sealed. x ____ x __ -
c. Casing undaraged. X X X ___ ___ ___
d. Insulation undareged. X X X ___

e. Condensate drainage is unobstructed and
routed to floor drain. X X x _

f. Fan belt adjusted. X X

g. Manufacturer's required naintenance

operational clearance provided. X X X ___
El ectrica
a. Power available to unit disconnect. X X _
b. Proper notor rotation verified. - X
c. Proper notor rotation verified. - X

d. Verify that power disconnect is |ocated
within sight of the unit it controls. X

[e. Power available to reheat coils. X ]

Coil s/ Hum di fier

[a. Chilled water piping properly connected. ___ _ X ]
[a. Refrigerant piping properly connected. X X x _ ]
[b. Chilled water piping pressure tested. X X x _ - ]
[b. Refrigerant piping pressure tested. X X x _ - ]
[c. Hot water piping properly connected. x 1
[c. Steam piping properly connected. X X x _ - ]
[d. Hot water piping pressure tested. X X 1
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Pre- comm ssi oni ng Checklist - Conputer Room Unit

For Conmputer RoomUnit: [__ ]

Checklist Item Q M E T C D o u
[d. Steam piping pressure tested. X X X ]
e. Hum difier makeup water connected. X X
Control s

a. Control valves operable. X X ___ . ___
b. Unit control system operable and verified. X

c. Verify proper location and installation of
t her nost at . X

Testing, Adjusting, and Bal anci ng ( TAB)
a. Construction filters renmoved and repl aced. X X

b. TAB results +10%-0% L/s cfm
shown on draw ngs. X X

c. TAB Report subnmitted. X X
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Pre- comm ssi oni ng Checklist - HVAC System Control s

For HVAC System [__ ]

Checklist Item Q M E T C D o u
Installation

a. As-built shop draw ngs subnitted. X X

b. Layout of control panel matches draw ngs. X X

c. Framed instructions nmounted in or near
control panel. X X

d. Conponents properly | abeled (on inside and
out si de of panel). X X

e. Control conponents piped and/or wired to
each | abeled term nal strip. X X

f. EMCS connection nmade to each | abel ed
termnal strip as shown. X X

g. Control wiring and tubing | abeled at al

term nations, splices, and junctions. X X ___
h. Shielded wiring used on electronic sensors.__ __ X X
i. Air dryer installed as specified. X X ___
j. Water drain installed as specified. — ___ _ X X ___ ___ ___ ___

Mai n Power and Control Air
a. 110 volt AC power available to panel. X

b. 138 kPa gauge (20 psig) 20 psig
conpressed air available to panel. X X

Testing, Comm ssioning, and Bal anci ng

a. Testing, Comm ssioning, and Bal anci ng
Report submitted. X
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Pre- comm ssi oni ng Checklist - Single Zone Air Handling Unit
For Air Handling Unit: |
Checklist Item Q M E T C D o u

Install ation

a. Vibration isolation devices installed.  __ ___ X X X ___ ___ ___
b. Inspection and access doors are operable

and sealed. X ___ X ___ ___ ___
c. Casing undanraged. X X X ___ ___ ___
d. Insulation undarmeged. X X X ___
e. Condensate drainage is unobstructed. X X
f. Fan belt adjusted. X ___ X ___ ___ ___
g. Any damage to coil fins has been repaired. __ __ X __ X __

h. Manufacturer's required nmaintenance

cl earance provided. X X X ___
El ectrica
a. Power available to unit disconnect. XX
b. Power available to unit control panel. - X
c. Proper notor rotation verified. - X

d. Verify that power disconnect is |ocated

within sight of the unit it controls. X
e. Power available to electric heating coil. __ ___ ___ X ___ ___ ___ ___
Coils
[a. Chilled water piping properly connected. X __ 1
[a. Refrigerant piping properly connected. X X ]
[b. Chilled water piping pressure tested. X X ]
[b. Refrigerant piping pressure tested. X X ]
[c. Hot water piping properly connected. X 1]

[c. Steam and condensate piping properly
connect ed. X X X 1
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Pre- comm ssi oni ng Checklist - Single Zone Air

For Air Handling Unit: [__ ]

Checklist Item

f.

Hot wat er piping pressure tested.

St eam and condensate piping pressure
tested.

Air vents installed on water coils [with
shut of f val ves] as specifi ed.

Any danage to coil fins has been repaired.

Control s

a.

Control val ves/actuators properly
i nstall ed.

Control val ves/actuators operable.
Danper s/ actuators properly installed.
Danper s/ actuat ors operabl e.

Verify proper location and installation
of thernostat.

Testing, Adjusting, and Bal anci ng ( TAB)

Construction filters renmoved and repl aced.

TAB results +10% -0% L/s

cf m shown on draw ngs. X

TAB Report subnitted.

Handl i ng Unit
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Pre- comm ssi oni ng Checklist - Energy Recovery System
For Energy Recovery System |
Checklist Item Q M E T C D o u

Install ation

a. Recovery systempiping installed. X ___x _
b. Recovery system piping tested. X X x _
c. Air vent installed as specified. X X x _

d. Manufacturer's required naintenance

cl earance provided. X X X ___
Startup
a. Recovery system piping cleaned and filled. X X
b. Converter startup and checkout conplete. X X
Control s

a. Control valves/actuators properly
i nstall ed. X

b. Control valves/actuators operable. X
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APPENDI X B

FUNCTI ONAL PERFORMANCE TESTS CHECKLI STS
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Functi onal Perfornmance Test Checklist - Punps
For Pump: [

Prior to performing this checklist, ensure that for closed | oop systens,
systemis pressurized and the make-up water systemis operational or, for
open | oop systenms, that the sunps are filled to the proper I|evel.

1. Activate punp start using control system comrands (all possible
combi nation, on/auto, etc.). ON AUTO OFF

a. Verify pressure drop across strainer

Strainer inlet pressure __ kPa (___ psi g)
Strainer outlet pressure kPa (___ psi g)
Strainer inlet pressure __ psi g
Strainer outlet pressure psi g

b. Verify punp inlet/outlet pressure reading, conpare to Testing,
Adj usting, and Bal ancing (TAB) Report, punp design conditions, and punp
manuf acturer's perfornmance.

DESI GN SYSTEM TEST ACTUAL
Punp inlet pressure (kPa gauge)
Punp outl et pressure (kPa gauge)

DESI GN SYSTEM TEST ACTUAL
Punp inlet pressure (psig)
Punp outl et pressure (psigQ)

c. Operate punp at shutoff and at 100 percent of designed flow when
all conponents are in full flow Plot test readings on punp curve and
conpare results agai nst readi ngs taken from fl ow neasuring devices.

SHUTOFF 100 percent
Punp inlet pressure (kPa gauge)
Punp outl et pressure
Pump flow rate (L/s)

SHUTOFF 100 percent

Punp inlet pressure (psig)
Punp outl et pressure

Pump flow rate (gpm

d. Operate punp at shutoff and at m ninmum flow or when all conponents
are in full by-pass. Plot test readings on punp curve and conpare results
agai nst readi ngs taken from fl ow nmeasuring devi ces.

SHUTOFF 100 percent
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Functi onal Perfornmance Test Checklist - Punps

For Pump: [__ ]
Punp inlet pressure (kPa gauge)
Punp outl et pressure
Pump flow rate (L/s)

SHUTOFF 100 percent
Punmp inlet pressure (psig)
Punp outl et pressure

Pump flow rate (gpm

2. Verify notor anperage each phase and vol tage phase to phase and
phase to ground for both the full flow and the m nimum fl ow conditions.

a. Full flow

PHASE 1 PHASE 2 PHASE 3
Anper age
Vol t age
Vol t age
Vol t age to ground

b. Mnimmfl ow

PHASE 1 PHASE 2 PHASE 3
Anper age
Vol t age
Vol t age
Vol t age to ground

3. Unusual vibration, noise, etc.

4. Certification: W the undersigned have wi tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative
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Functi onal Perfornmance Test Checklist - Punps
For Pump: [___ ]

Contractor's Controls Representative
Contracting Officer's Representative

Usi ng Agency's Representative
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Functi onal Perfornmance Test Checklist - Centrifugal Chiller
For Chiller: [___ ]

1. Functional Performance Test: Contractor shall denonstrate operation of
chilled water system as per specifications including the followi ng: Start
building air handler to provide l|load for chiller. Activate controls system
chiller start sequence as foll ows:

a. Time of day startup programinitiates chiller start:
b. Start condenser water punp and establish condenser water flow.
Verify chiller condenser water proof-of-flow switch operation.

c. Start chilled water punp and establish chilled water flow. Verify
chiller chilled water proof-of-flow switch operation

d. Verify control systemenergizes chiller start sequence.

e. Verify chiller senses chilled water tenperature above set point and
control systemactivates chiller start.

f. Verify functioning of "soft start" sequence.

g. Shut off air handling equiprment to renove | oad on chilled water
system Verify chiller shutdown sequence is initiated and acconplished after
| oad is renoved.

h. Restart air handling equi pnment one mnute after chiller shut down.
Verify condenser water punp, cooling tower, and chiller restart sequence.

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functi onal Perfornmance Test Checklist - Centrifugal Chiller

For Chiller: [
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Functi onal Performance Test Checklist - Cooling Tower
For Cooling Tower: [___ ]

1. Functional Performance Test: Contractor shall denonstrate operation of
the cooling tower as per specification and the follow ng:

a. Activate cooling tower fan start using control system comrand.
This should first start condenser water punp, establish flow, delay fan
start, as specified, to equalize flow in distribution basin and sunp. Verify
fan start after tined del ay.

b. After chiller startup, control system should nodul ate bypass val ve
and two-speed fan notor to maintain condenser water set point. Verify
function of bypass val ve under varying | oads.

c. Verify cooling tower interlock with chiller

d. Verify makeup water float valve is functioning:
Activate chemi cal treatnent feed valve, verify makeup of chemi cal treatnent
system punp, and controls:

e. Entering water tenperature [ ] degrees C
Leavi ng water tenperature: [ ] degrees C
Air vol une neasured: [ ] L/s
Air volune cal cul at ed: [ ] L/s
Entering wet bulb tenperature: [__ | ] degrees C
Measured water flow [ ] L/s

e. Entering water tenperature [ ] degrees F
Leavi ng water tenperature: [ ] degrees F
Air vol une neasured: [ ] cfm
Air volune cal cul at ed: [ ] cfm
Entering wet bulb tenperature: [__ | ] degrees F
Measured water flow [ ] gpm

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative
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Functi onal Performance Test Checklist - Cooling Tower

For Cooling Tower: [__ ]
Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - VAV Term nal s

The Contracting officer will select VAV ternminals to be spot-checked during
the functional performance test. The nunber of terminals shall not exceed
[2] [10] [10 percent].

1. Functional Performance Test: Contractor shall denonstrate operation of
sel ected VAV boxes as per specifications including the foll ow ng:

a. Cooling only VAV boxes:

(1) Verify VAV box response to roomtenperature set point
adjustnment. Turn thernostat to 5 degrees F above anbi ent and neasure nmaxi num
air flow Turn thernostat to 5 degrees F bel ow anbi ent and neasure m ni num
air flow

Maxi mum flow [__ ] L/s
Mnimmflow [__ ] L/s
Maxi mum flow [__ ] cfm
Mnimmflow [__ ] cfm

(2) Check danmper maxi mum nmini mum fl ow settings.

Maxi mum fl ow setting [__ ] L/s
M ni mum flow setting [__ ] L/s
Maxi mum fl ow setting [__ ] cfm
M ni mum flow setting [__ ] cfm

b. Cooling with reheat VAV boxes:

(1) Verify VAV box response to roomtenperature set point adjustnent.
Turn thernostat to 3 degrees C 5 degrees F above anbi ent and neasure maxi mum
air flow Turn thernpstat to 3 degrees C 5 degrees F bel ow anbi ent and
measure ninimumair flow

Maxi mum flow [__ ] L/s
Mnimmflow [__ ] L/s
Maxi mum flow [__ ] cfm
Mnimmflow [__ ] cfm

(2) Check danper maxi mum nmini mum fl ow settings.

Maxi mum fl ow setting [__ ] L/s
M ni mum flow setting [__ ] L/s
Maxi mum fl ow setting [__ ] cfm
M ni mum flow setting [__ ] cfm
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Functi onal Perfornmance Test Checklist - VAV Term nals
Reheat coil operation range (full open to full closed)

c. Fan powered VAV boxes:

(1) Verify VAV box response to sensor call for heating via set
poi nt adjustnment. Changes to be cooling setpoint to heating set point and
return to cooling set point. Verify cool i ng danper closes to
m ni mum position, blower fan energizes according to sequence of operation,
and upon further drop in space tenperature, heating coil activation and
deacti vati on.

(2) Check primary air danper nmaxi muni m ni mum fl ow settings.

Maxi mum fl ow setting [__ ] L/s
M ni mum flow setting [__ ] L/s
(3) Check blower fan flow. [__ ] L/s
Maxi mum fl ow setting [__ ] cfm
M ni mum flow setting [__ ] cfm
(3) Check blower fan flow [__ ] cfm

(4) Verify free operation of fan backdraft danper (insure no
primary air is being discharged through the recirculated air register).

(5) Verify that no recirculated air is being induced when box is in
full cooling.

2. Certification: W the undersigned have w tnessed the above functional
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e
Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Variable Volunme Air Handling Unit
For Air Handling Unit: [__ ]

Ensure that a slight negative pressure exists on inboard side of the
outside air danpers throughout the operation of the danpers. NMbdul ate OA,
RA, and EA danpers fromfully open to fully closed positions.

1. Functional Performance Test: Contractor shall verify operation of air
handling unit as per specification including the foll ow ng:

a. The following shall be verified when the [supply fan operati ng]
[supply and return fans operating] node is initiated:

(1) Al danpers in normal position [and fan inlet vanes nodulate to
mai ntain the required static pressure].

(2) Al valves in normal position.

(3) System safeties allow start if safety conditions are net.

(4) VAV fan controller shall "soft-start" fan.

(5) Modulate all VAV boxes to minimumair flow and verify that the
static pressure does not exceed the design static pressure Cl ass shown.

b. Occupi ed node of operation - econonizer de-energized.

(1) CQutside air damper at mninmum position.

(2) Return air danper open.

(3) Relief air danper [at m nimum position] [closed].

(4) Chilled water control valve nmodulating to maintain leaving air
tenperature set point.

(5) Fan VAV controller receiving signal fromduct static pressure
sensor and nodul ating fan to maintain supply duct static pressure set point.

c. Occupied node of operation - econom zer energized.

(1) Qutside air danper nodul ated to maintain mxed air tenperature
set point.

(2) Relief air damper nodul ates with outside air danper according
to sequence of operation.

(3) Chilled water control valve nmodulating to maintain leaving air
tenperature set point.
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Functi onal Performance Test Checklist - Variable Volunme Air Handling Unit

For Air Handling Unit: [__ ]
(4) Hot water control valve nodulating to maintain |eaving air
tenperature set point.

(5) Fan VAV controller receiving signal fromduct static pressure
sensor and nodul ating fan to maintain supply duct static pressure set point.

d. Unoccupi ed node of operation

(1) Al danpers in normal position.

(2) Verify lowlimt space tenperature is nmintained as specified
in sequence of operation.

e. The followi ng shall be verified when the [supply fan off] [supply
and return fans off] nmode is initiated:

(1) Al danpers in normal position.

(2) Al valves in normal position.

(3) Fan de-energizes.

f. Verify the chilled water coil control valve operation by setting
all VAV's to maxi mum and m ni mum cool i ng.

Max cooling Mn cooling

Supply air volume (___ L/s)
Supply air temp. (___ degrees C)
Max cooling Mn cooling
Supply air volume cfm
Supply air temp. (___ degrees F)

g. Verify safety shut down initiated by snoke detectors.

h. Verify safety shut down initiated by |low tenperature protection
t her nost at .

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative
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Functi onal Performance Test Checklist - Variable Volunme Air Handling Unit
For Air Handling Unit: [__ ]

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative

Functi onal Perfornmance Test Checklist - Single Zone Air Handling Unit
For Air Handling Unit: [__ ]

1. Functional Performance Test: Contractor shall verify operation of air
handling unit as per specification including the foll ow ng:

a. The following shall be verified when the [supply fan operating]
[supply and return fans operating] node is initiated:

(1) Al danpers in normal position.

(2) Al valves in normal position.

(3) System safeties allow start if safety conditions are nmet. __

b. Occupi ed node of operation - econonizer de-energized.

(1) CQutside air damper at mninmum position.

(2) Return air danper open.

(3) Relief air danper [at m ninmum position] [closed].

(4) Chilled water control valve nodulating to maintain space
cooling tenperature set point.

(5) Hot water control valve nodulating to nmaintain space heating
tenperature set point input fromoutside air tenperature controller.

c. Occupied node of operation - econom zer energized.

(1) Qutside air danper nodul ated to maintain mxed air tenperature
set point.

(2) Relief air damper nodul ates with outside air danper according
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Functi onal Perfornmance Test Checklist - Single Zone Air Handling Unit

For Air Handling Unit: [__ ]
to sequence of operation.

(3) Chilled water control valve nodulating to maintain space
cooling tenperature set point.

d. Unoccupi ed node of operation

(1) Al danpers in normal position.

(2) Verify lowlimt space tenperature is nmintained as specified
in sequence of operation.

e. The followi ng shall be verified when the [supply fan off] [supply
and return fans off] nmode is initiated:

(1) Al danpers in normal position.

(2) Al valves in normal position.

(3) Fan de-energizes.

f. Verify cooling coil and heating coil operation by varying
t hernostat set point fromcooling set point to heating set point and
returning to cooling set point.

g. Verify safety shut down initiated by snoke detectors.

h. Verify safety shut down initiated by |low tenperature protection
t her nost at .

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative
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Functi onal Perfornmance Test Checklist - Single Zone Air Handling Unit

For Air Handling Unit: [__ ]
Usi ng Agency's Representative
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Functi onal Perfornmance Test Checklist - Miltizone Air Handling Unit
For Air Handling Unit: [__ ]

Ensure that a slight negative pressure exists on inboard side of the
outside air danpers throughout the operation of the danpers. NMbdul ate OA,
RA, and EA danpers fromfully open to fully closed positions.

1. Functional Performance Test: Contractor shall verify operation of air
handling unit as per specification including the foll ow ng:

a. The followi ng shall be verified when the supply and return fans
operating node is initiated:

(1) Al danpers in normal position.

(2) Al valves in normal position.

(3) System safeties allow start if safety conditions are nmet. __

b. Occupi ed node of operation - econonizer de-energized.

(1) Qutside air danper at nininmum position.

(2) Return air danper open.

(3) Relief air danmper [at m ninum position] [closed].

(4) Chilled water control valve nodulating to nmaintain cold deck
supply air tenperature set point.

(5) Hot water control valve nodulating to maintain hot deck supply
air tenperature set point input fromoutside air tenperature controller

c. Occupied node of operation - econom zer energized.

(1) Qutside air danper nodul ates to maintain mxed air tenperature
set point.

(2) Relief air damper nodul ates with outside air danper according
to sequence of operation.

(3) Chilled water control valve nodulating to nmaintain cold deck
supply air tenperature set point.

(4) Hot water control valve nodulating to maintain hot deck supply
air tenperature set point input fromoutside air tenperature controller

d. Unoccupi ed node of operation

(1) Al danpers in normal position.
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Functi onal Perfornmance Test Checklist - Miltizone Air Handling Unit
For Air Handling Unit: |

(2) Verify lowlimt space tenperature is nmintained as specified
in sequence of operation.

e. The followi ng shall be verified when the supply and return fans off
node is initiated:

(1) Al danpers in normal position.

(2) Al valves in normal position.

(3) Fan de-energizes.

f. Verify zone danper operation by varying zone thernpostat set points
fromcooling set point to heating set point and returning to cooling set
poi nt .

g. Verify safety shut down initiated by snoke detectors.

h. Verify safety shut down initiated by |low tenperature protection
t her nost at .

i. Index roomthernostats to full cooling then to full heating.
Measure and record cold deck, hot deck, and supply air tenperatures and
deterni ne danper |eakage for a mnimum of 2 zones.

Col d deck tenperature __ degrees C (___ degrees F)
Hot deck tenperature degrees C (___ degrees F)
Col d deck tenperature degrees F

Hot deck tenperature degrees F

Zone

Cooling tenperature degrees C (___ degrees F)
Heating tenperature degrees C (___ degrees F)
Danper | eakage cooling _ degrees C (___ degrees F)
Danper | eakage heating _ degrees C (___ degrees F)

Zone

Cooling tenperature degrees F

Heating tenperature degrees F

Danper | eakage cooling __ degrees F

Danper | eakage heating __ degrees
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Functi onal Perfornmance Test Checklist - Miltizone Air Handling Unit

For Air Handling Unit: [__ ]

Cooling tenperature degrees C (___ degrees F)
Heating tenperature degrees C (___ degrees F)
Danper | eakage cooling __ degrees C (___ degrees F)
Danper | eakage heating _ degrees C (___ degrees F)
Zone

Cooling tenperature degrees F

Heating tenperature degrees F

Danper | eakage cooling __ degrees F

Danper | eakage heating _  degrees F

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functi onal Perfornmance Test Checklist - Packaged Air Cooled Chiller
For Chiller: [___ ]

1. Functional Performance Test: Contractor shall denonstrate operation of
chilled water system as per specifications including the followi ng: Start
building air handler to provide l|load for chiller. Activate controls system
chiller start sequence as follows.

a. Start chilled water punp and establish chilled water flow. Verify
chiller-chilled water proof-of-flow switch operation

b. Verify control system energizes chiller start sequence.

c. Verify chiller senses chilled water tenperature above set point and
control system activates chiller start.

d. Verify functioning of "soft start" sequence.

e. Shut off air handling equiprment to renove | oad on chilled water
system Verify chiller shutdown sequence is initiated and acconplished after
| oad is renoved.

f. Restart air handling equi pment one nminute after chiller shut down.
Verify chiller restart sequence.

2. Verify chiller inlet/outlet pressure reading, conpare to Testing,
Adj usting, and Bal ancing (TAB) Report, chiller design conditions, and chiller
manuf acturer's performance data.

DESI GN SYSTEM TEST  ACTUAL
Chiller inlet pressure (kPa gauge)
Chiller inlet pressure (psig)

Chiller outlet pressure (kPa gauge)
Chiller outlet pressure (psig)

3. Verify chiller anperage each phase and vol tage phase-to-phase and
phase-t o-ground.

PHASE 1 PHASE 2 PHASE 3
Anper age
Vol t age
Vol t age
Vol t age to ground

4. Record the follow ng information:

Ambi ent dry bulb tenperature . degrees C
Ambi ent wet bulb tenperature __ degrees C
Entering chilled water tenperature degrees C
Leaving chilled water tenperature degrees C
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Functi onal Perfornmance Test Checklist - Packaged Air Cooled Chiller

For Chiller: [___ ]

Ambi ent dry bulb tenperature __ degrees F
Ambi ent wet bulb tenperature __ degrees F
Entering chilled water tenperature degrees F
Leaving chilled water tenperature __ degrees F

5. Unusual vibration, noise, etc.

6. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functional Perfornmance Test Checklist - Air Cooled Condensing Unit
For Condensing Unit: |

1. Functional Performance Test: Contractor shall denonstrate operation of
refrigeration systemas per specifications including the followi ng: Start
buil ding air handler to provide |load for condensing unit. Activate controls
system start sequence as foll ows.

a. Start air handling unit. Verify control system energizes
condensing unit start sequence.

b. Shut off air handling equipnment to verify condensing unit
de- energi zes.

c. Restart air handling equi pnent one m nute after condensing unit
shut down. Verify condensing unit restart sequence.

2. Verify condensing unit anperage each phase and voltage phase to phase
and phase to ground.

PHASE 1 PHASE 2 PHASE 3
Anper age
Vol t age
Vol t age
Vol t age to ground

3. Record the followi ng information:

Ambi ent dry bulb tenperature degrees C
Ambi ent wet bulb tenperature degrees C
Suction pressure kPa gauge
Di scharge pressure kPa gauge
Ambi ent dry bulb tenperature degrees F
Ambi ent wet bulb tenperature degrees F

Suction pressure psig
Di scharge pressure i

4. Unusual vibration, noise, etc.

5. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative
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Functional Perfornmance Test Checklist - Air Cooled Condensing Unit
For Condensing Unit: |

Contractor's Electrical Representative Representative

UFGS3

Contractor's Testing, Adjusting and Bal anci ng

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Hot Water Boil er
For Boiler: [

1. Functional Performance Test: Contractor shall denonstrate operation of
hot water system as per specifications including the followi ng: Start
bui | di ng heating equi pment to provide |oad for boiler. Activate controls
system boil er start sequence as foll ows.

a. Start hot water punp and establish hot water flow. Verify boiler
hot water proof-of-flow switch operation

b. Verify control system energizes boiler start sequence.

c. Verify boiler senses hot water tenperature bel ow set point and
control system activates boiler start.

d. Shut off building heating equiprment to renove | oad on hot water
system Verify boiler shutdown sequence is initiated and acconplished after
| oad is renoved.

2. Verify boiler inlet/outlet pressure reading, conpare to Test and
Bal ance (TAB) Report, boiler design conditions, and boiler manufacturer's
per f ormance dat a.

DESI GN SYSTEM TEST ACTUAL
Boiler inlet pressure (kPa gauge)
Boil er outlet pressure (kPa gauge)
Boiler flow rate (L/s)
Fl ue-gas tenperature at boiler outlet
Percent carbon di oxide in flue-gas
Draft at boiler flue-gas exit
Draft or pressure in furnace
Stack enission pollutants
concentration
Fuel type
Combustion efficiency
DESI GN SYSTEM TEST ACTUAL

Boiler inlet pressure (psig)
Boil er outlet pressure (psig)
Boiler flow rate (gpm

Fl ue-gas tenperature at boiler outlet
Percent carbon di oxide in flue-gas
Draft at boiler flue-gas exit
Draft or pressure in furnace

Stack enission pollutants
concentration

Fuel type

Combusti on efficiency

3. Record the followi ng information:
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Functional Performance Test Checklist - Hot Water Boil er

For Boiler: [

Anbi ent tenperature degrees C
Entering hot water tenperature degrees C
Leavi ng hot water tenperature degrees C
Anbi ent tenperature degrees F
Entering hot water tenperature degrees F
Leavi ng hot water tenperature degrees F

4. Verify tenperatures in item3 are in accordance with the reset
schedul e.

5. Verify proper operation of boiler safeties.

6. Unusual vibration, noise, etc.

7. Visually check refractory for cracks or spalling and refractory and
tubes for flame inpingenment.

8. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Steam Boil er
For Boiler: [

1. Functional Performance Test: Contractor shall denonstrate operation of
st eam heating system as per specifications including the followi ng: Start
bui | di ng heating equi pment to provide |oad for boiler. Activate controls
system boil er start sequence as foll ows.

a. Start steam heating system Verify control system energizes boiler
start sequence.

b. Verify boiler senses steam pressure bel ow set point and contro
system activates boiler start.

c. Shut off building heating equiprment to renove | oad on steam heating
system Verify boiler shutdown sequence is initiated and acconplished after
| oad is renoved.

d. Verify that water |evel and nmakeup water system are operational

2. Verify boiler inlet/outlet pressure reading, conpare to boiler design
conditions and manufacturer's performance data.

DESI GN SYSTEM TEST ACTUAL
Boiler inlet water tenp (degrees F)
Boil er outlet pressure (kPa gauge)
Fl ue-gas tenperature at boiler outlet (degrees C
Percent carbon di oxide in flue-gas
Draft at boiler flue-gas exit
Draft or pressure in furnace
Stack enission pollutants

concentration

Fuel type
Combustion efficiency

DESI GN SYSTEM TEST ACTUAL
Boiler inlet water tenp (degrees F)
Boil er outlet pressure (psig)
Fl ue-gas tenperature at boiler outlet (degrees F)
Percent carbon di oxide in flue-gas
Draft at boiler flue-gas exit
Draft or pressure in furnace
Stack enission pollutants

concentration

Fuel type
Combusti on efficiency

3. Record the followi ng information:

Ambi ent tenperature degrees C
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Functi onal Performance Test Checklist - Steam Boil er

For Boiler: [__ ]
degrees F

4. Verify proper operation of boiler safeties.

5. Unusual vibration, noise, etc.

6. Visually check refractory for cracks or spalling and refractory and
tubes for flame inpingenment.

7. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Fan Coil Units

The Contracting Oficer will select fan coil units to be spot-checked
during the functional performance test. The nunber of term nals shall not
exceed [2] [10] [10 percent].

1. Functional Performance Test: Contractor shall denonstrate operation of
selected fan coils as per specifications including the follow ng:

a. Cooling only fan coils:
(1) Verify fan coil unit response to roomtenperature set point

adj ustnment. Changes to be cooling set point to cooling set point mnus 10
degrees and return to cooling set point.

(2) Check blower fan air flow _ L/s
Check bl ower fan air flow __ cfm

(3) Check cooling coil water flow _ L/s
Check cooling coil water flow _ gpm

(4) Verify proper operation of cooling water control valve.

b. Cooling/heating fan coils:

(1) Verify fan coil unit response to roomtenperature set point
adj ustnment. Changes to be cooling set point to heating set point and return
to cooling set point.

(2) Check blower fan air flow L/s
Check bl ower fan air flow cfm

(3) Check cooling coil water flow _ L/s
Check cooling coil water flow cfm

(4) Verify proper operation of cooling water control valve.

(5) Check cooling node inlet air temperature. degrees C
Check cooling node inlet air tenperature. __ degrees F
(6) Check cooling mode outlet air tenperature. degrees C
Check cooling nmode outlet air tenperature. degrees F
(7) Check heating coil water flow L/s
Check heating coil water flow gpm

(8) Verify proper operation of heating water control valve.

(9) Check heating node inlet air tenmperature. degrees C
Check heating node inlet air tenperature. __ degrees F
(10) Check heating node outlet air temperature. __ degrees C
Check heating node outlet air tenperature. degrees F
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Functional Performance Test Checklist - Fan Coil Units

2. Certification: W the undersigned have w tnessed the above functional
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Unit Heaters

The Contracting Officer will select unit heaters to be spot-checked during
the functional performance test. The nunber of terminals shall not exceed
[2] [10] [10 percent].

1. Functional Performance Test: Contractor shall denonstrate operation of
sel ected unit heaters as per specifications including the follow ng:

a. Verify unit heater response to roomtenperature set point
adj ustnmrent. Changes to be heating set point to heating set point mnus 10
degrees and return to heating set point.

b. Check bl ower fan speed. rpm

c. Check heating node inlet air tenperature. degrees C Check

heating node inlet air tenperature. degrees F

d. Check heating node outlet air tenperature. degrees C Check

heati ng nmode outlet air tenperature. degrees F

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Steam Hot Water Converter
For Converter: |

1. Functional Performance Test: Contractor shall denonstrate operation of
heati ng system as per specifications including the follow ng: Start building

heati ng equi pnent to provide | oad for converter

a. Verify control system energizes.

b. Verify converter senses hot water tenperature bel ow set point and
control system nodul ates steam val ve.

c. Shut off building heating equi pnment to renove | oad on heating
system Verify converter steam valve closes after load is removed.
2. Verify converter inlet/outlet pressure reading, conpare to converter

desi gn conditions and manufacturer's performnce data.

DESI GN ACTUAL
Converter inlet water tenp (degrees C)
Converter outlet water tenp (degrees F)
Converter inlet steam pressure (psig)
Determ ne water flow rate based
on pressure drop through converter
Determ ne water flowrate with flow
measuri ng device
Verify that tenperature of water
is in accordance with outdoor air
reset schedul e

DESI GN ACTUAL
Converter inlet water tenp (degrees F)
Converter outlet water tenp (degrees F)
Converter inlet steam pressure (psig)
Determ ne water flow rate based
on pressure drop through converter
Determ ne water flowrate with flow
measuri ng device
Verify that tenperature of water
is in accordance with outdoor air
reset schedul e

3. Verify proper operation of converter safeties.

4. Check and report unusual vibration, noise, etc.

5. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
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Functi onal Performance Test Checklist - Steam Hot Water Converter

For Converter: [__ ]
requirenents in this section of the specifications.

Si gnhature and Dat e
Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functi onal Perfornmance Test Checklist - Conputer Room Unit
For Computer Room Unit: [__ ]

1. Functional Performance Test: Contractor shall verify operation of
conputer roomunit as per specification including the foll ow ng:

a. Systemsafeties allow start if safety conditions are net.
b. Verify cooling and heating operation by varying thernostat set

poi nt from space set point to space set point plus 10 degrees, space set

poi nt mnus 10 degrees, and returning to space set point.

c. Verify humi difier operation by varying hum di stat set point from
space set point to space set point plus 20 percent RH, and returning to space
set point.

d. Verify that airflowis within +10/-0 percent of design airfl ow

e. Verify unit shut down during fire event initiated by snoke/heat
sensors.

2. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - HVAC Controls
For HVAC System [__ ]

The Contracting Oficer will select HVAC control systens to undergo
functional performance testing. The nunber of systens shall not exceed [2]
[10] [10 percent].

1. Functional Performance Test: Contractor shall verify operation of HVAC
controls by perform ng the follow ng tests:

a. Verify that controller is nmaintaining the set point by manually
measuring the controlled variable with a thernmonmeter, sling psychroneter,
i nclined manoneter, etc.

b. Verify sensor/controller comnbination by manually neasuring the
controlled nmedium Take readings fromcontrol panel display and conpare
readi ngs taken nmanually. Record all readings.

Sensor
Manual neasur ement
Panel reading val ue

c. Verify systemstability by changing the controller set point as
foll ows:

(1) Air tenperature - 10 degrees F

(2) Water tenperature - 10 degrees F

(3) Static pressure - 10 percent of set point
(4) Relative hum dity - percent (RH)

The control system shall be observed for 10 minutes after the change in set
point. Instability or excessive hunting will be unacceptable.

d. Verify interlock with other HVAC controls.
e. Verify interlock with fire alarm control panel
f. Verify interlock with EMCS

[g. Change controller set point 10 percent with EMCS and verify
correct response.]

2. Verify that operation of control systemconforns to that specified in
t he sequence of operation.

3. Certification: W the undersigned have w tnessed the above functiona

performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.
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Functional Performance Test Checklist - HVAC Controls

For HVAC System [__ ]
Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's Testing, Adjusting and Bal anci ng Representative

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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Functi onal Perfornmance Test Checklist - Energy Recovery System
For Energy Recovery System [__ ]

1. Functional Performance Test: Contractor shall denonstrate operation of
energy recovery system as per specifications including the followi ng: Start
equi pnent to provide energy source for recovery system

a. Verify energy source is providing recoverabl e energy.

b. Verify recovery system senses avail abl e energy and acti vates.

c. Verify that recovery system deacti vates when recoverable energy is
no | onger avail abl e.

2. Verify recovery systeminlet/outlet readings, conpare to design
conditions and manufacturer's performance data.

Desi gn Act ual
Primary loop inlet tenp (degrees C)
Primary | oop outlet tenp (degrees F)
Primary loop flow rate
Secondary loop inlet tenp (degrees)
Secondary | oop outlet tenp (degrees C)
Energy recovered (kJ)

Desi gn Act ual
Primary loop inlet tenp (degrees F)
Primary | oop outlet tenp (degrees F)
Primary loop flow rate
Secondary loop inlet tenp (degrees F)
Secondary | oop outlet tenp (degrees F)
Energy recovered BTU s)

3. Check and report unusual vibration, noise, etc.

4. Certification: W the undersigned have wi tnessed the above functiona
performance tests and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnhature and Dat e

Contractor's Chief Quality Control Representative

Contractor's Mechani cal Representative

Contractor's Electrical Representative
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Functi onal Perfornmance Test Checklist - Energy Recovery System

For Energy Recovery System [__ ]
Contractor's Testing , Adjusting and Bal anci ng Representative

UFGS3

Contractor's Controls Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative

-- End of Section --
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